Synthesis of Quaternary Ammonium Salt

Synthesis Procedures for N,N-dimethylaniline derivatives and dimethyl benzyl amines
mmol). The reaction flask was sealed with a septum, evacuated and refilled with argon for three times. DMSO (20 mL) was then added into the flask via syringe. The reaction mixture was stirred at 100 °C for 24 h. After that, the reaction mixture was cooled to room temperature, and diluted with a 1:1 mixture of saturated aqueous solution of ammonium chloride (100 ml) and water (100 ml). The crude product was extracted with CH 2 Cl 2 (3×100 ml). The combined organic extracts were successively washed with a 5% aqueous solution of potassium hydroxide (100 ml) and brine (100 ml), and dried over anhydrous magnesium sulfate. After removing the volatiles, the crude product was further purified by flash column chromatography as a white solid (1.514 g, 71% A 50 mL round-bottom flask equipped with a magnetic stir bar was charged with Pd(OAc) 2 (11.3 mg, 0.05 mmol), 1-phenylurea (13.7 mg, 0.10 mmol), 4-bromo-N,N-dimethylaniline (1.000 g, 5 mmol), 4-methoxyphenylboronic acid (1.139g, 15 mmol) and potassium carbonate (1.382 g, 10 mmol). The reaction mixture was stirred at room temperature in air for 12 h. The reaction mixture was washed with water (50 mL), extracted by ether (3×50 mL). The organic layer was washed Electronic Supplementary Information S3 with brine (100 mL) and dried over anhydrous magnesium sulfate. After removing the volatiles, the crude product was preadsorbed on silicagel (3 -4 g ) and further purified by flash column chromatography as a white solid (1.932 g, 85% yield), m.p. = z156 -157 ºC (lit. 156 -157 ºC). 1 H NMR (400 MHz, CDCl 3 ): δ 7.54-7.45 (m, 4H), 6 .97 (d, J = 8.7 Hz, 2H), 6 .83 (d, J = 8.8 Hz, 2H), 3.87 (s, 3H), 3.01 (s, 6H); 13 6 
4-Methoxy-N,N-dimethyl-[1,1′-biphenyl]-4-amine 5
4-(1H-Indol-1-yl)-N,N-dimethylaniline
Br
CuI ( was cooled to room temperature, washed with water (50 mL) and extracted by EtOAc (3×50 mL).
The organic layer was washed with brine (100 mL), and dried over anhydrous magnesium sulfate.
After removing the volatiles, the crude product was preabsorbed on silica gel (3 -4 g) and further purified by flash column chromatography as a yellow liquid. 1 Step1: A 100 mL round-bottom flask equipped with a magnetic stir bar was charged with indole (4.468 g, 40 mmol) and anhydrous DMF. The mixture was added slowly with NaH (60% w.t.
suspended in mineral oil, 1.760 mg, 44 mmol) at 0 °C , and stirred for over 30 min. After that, Electronic Supplementary Information S4 benzyl bromide (5.7 mL, 48 mmol) was added dropwise to the mixture over 5 min. The mixture was warmed to room temperature, and stirred for another 2 h. The reaction was quenched with H 2 O (50 mL), and extracted with EtOAc (3×50 mL). The organic layer was washed with brine (100 mL), and dried over anhydrous magnesium sulfate. After removing the volatiles, the crude product was purified by flash column chromatography.
Step2: Dimethylamine solution (40% in water, 1.7 mL, 15 mmol) and 2 mL of glacial acetic acid were added together into a 50 mL flask at 0 °C. Formaldehyde (37% in water, 1 mL, 12 mmol) and 1-methylindole (2.2 mL, 10 mmol) were added successively while stirring in the ice bath. The mixture was allowed to stir at 50 °C and for 1 h and then at room temperature for 20 h. The mixture was poured into a solution of 4 g of sodium hydroxide in 40 mL of water and extracted with diethyl ether (3×30 mL). 
General Procedure for the Preparation of Aryl and Benzyl Ammonium Salts
Preparation of N,N,N-Trimethyl-2-naphthalenaminium trifluoromethanesulfonate
Et 2 O, 0°C  r.t.
NMe 3 OTf MeOTf
MeOTf (2.7 mL, 24 mmol, 1.2 equiv) was added dropwise to a solution of dimethylbenzylamine (2.5 g, 20 mmol, 1.0 equiv) in Et 2 O (50 mL) at 0 ºC. A white precipitate formed immediately.
After complete addition, the reaction mixture was stirred for an additional 15 minutes at 0 ºC. The reaction mixture was allowed to warm to room temperature and stirred for over another 2 h. The precipitate was isolated by filtration and washed with Et 2 O (3×20 mL). The resulting solid was dried under vacuum to give the ammonium salt as a white solid (5.34 g, 97% yield), m.p. = 112-114 ºC. 1 
4-(N'-Methyl-N'-Boc-amido)-N,N,N-trimethylphenylaminium trifluoromethanesulfonate
Following the general procedure on a 5 mmol scale, giving the salt as an orange solid (1.865 g, 90% yield), m.p. = 146-148 ºC. 1 
3-N',N'-Diisopropylcarbonyl-N,N,N-trimethylbenzenaminium trifluoromethanesulfonate
Following the general procedure on a 5 mmol scale, giving the salt as 
4-(1H-Indol-1-yl)-N,N,N-trimethylbenzenaminium trifluoromethanesulfonate
Following the general procedure on a 5 mmol scale, giving the salt as a white solid (1.783 g, 89% yield), m.p. = 156-158 ºC. 
4-Acetyl-N,N,N-trimethylbenzenaminium trifluoromethanesulfonate
Following the general procedure on a 5 mmol scale, giving the salt as a white solid (1.424 g, 87% yield), m.p. = 78-80 ºC. 1 
4-(4-Methoxyphenyl)-N,N,N-trimethylbenzenaminium trifluoromethanesulfonate
Following the general procedure on a 5 mmol scale, giving the salt as a white solid (1.839 g, 94% yield), m.p. = 184 -186 ºC. 1 8 Following the general procedure on a 5 mmol scale, giving the salt as a brown solid (1.349 g, 87% yield), m.p. = 117-119 ºC. 1 N,N,N-Trimethyl-1-(1-benzyl-1H-indol-3-yl) 
4-Cyano-N,N,N-trimethylbenzenaminium trifluoromethanesulfonate
N,N,N-Trimethyl-1-biphenylethanaminium trifluoromethanesulfonate
Following the general procedure on a 5 mmol scale, giving the salt as a white solid (1.811 g, 93% yield), m.p. = 184 -186 ºC. 1 
N-Methy-1-(naphthalene-2-yl)pyrrolidine trifluoromethanesulfonate
Following the general procedure on a 5 mmol scale, giving the salt as a white solid (1.664 g, 92% yield), m.p. = 78 -79 ºC. 1 
N-Methy-4-(naphthalene-2-yl)morpholine trifluoromethanesulfonate
N,N,N-Trimethyl-1-naphthalenaminium trifluoromethanesulfonate
Following the general procedure on a 3 mmol scale, giving the salt as a white solid (648 mg, 69% yield), m.p. = 215-217 ºC. 1 (20) dppm (10) dppe (10) dppp (10) dppb (10 a GC Yields with dodecane as an internal standard. a GC Yields with dodecane as an internal standard. a GC Yields with dodecane as an internal standard. 
Optimization Studies for the Reduction of C-N Bonds 1). Screening of Ligands
2). Screening of Catalysts
5). Screening of Ligands for the Reduction of C-N Bonds in 4-Bu-PhNMe 3 OTf
6). Variations of N-substitutes in Ammonium Salts
Analytic Data of the Reductive Products
Naphthalene (2a) 10 Following the general procedure with PCy 3 (20 mol%) as a ligand, the title compound was 15 Following the general procedure on 0. In a N 2 -atmosphere glovebox, an oven-dried 6 mL screw-capped vial was charged with a stir bar, ammonium triflate (1.0 equiv), Ni(cod) 2 (10 mol%), IMes Me ·HCl (10 mol%), (CD 3 ) 2 CDONa (3 equiv) and dioxane (2 mL). The resulting mixture was sealed and heated at 100 °C for 2 h. The mixture was then cooled to room temperature, and purified directly by flash column chromatography on silica gel to give the reductive product (81% yield). The deuterium content at the initial position of C-N bond was determined to be 99% by 1 H NMR spectroscopy. 
1-Phenyl-1H-indole (2i)
Synthetic Application
GC Yield (%)
The slope was obtained by plotting a line of best fit to the equation y = ax + b, which is shown above along with the corresponding R 2 value for each reaction. The thus obtained KIE value is 1.06.
